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Abstract-Pretreatment of rat peritoneal mast cells with either staurosporine or an analog K-252a [(8R*, 
9S*,11S*)-(-)-9-hydroxy1-9-methoxycarbonyl-8_-1~,8~,1I~- 
2,7b,ll-atriazadibenzo-[a,g]cycloocta[cde]trinden-l-one] led to a concentration-related inhibition of 
histamine release when the cells were stimulated with anti-IgE (IC 50: staurosporine = 110 nM; K-2.52a = 
100 nM). In contrast, the two protein kinase C (PKC) inhibitors (l-1000 nM) partially (<15%) inhibited 
histamine release induced by compound 48/80 (0.5 to 1 pg/mL). Furthermore, prostaglandin Ez (PGE,) 
synthesis mediated by anti-IgE from rat peritoneal mast cells was also inhibited by staurosporine and 
K-252a (Q, = 100 nM). Exposure of anti-arsenate IgE (anti-Ars-IgE) sensitized mouse bone marrow 
derived mast cells to arsenate-bovine serum albumin (Am-BSA) led to the release of both histamine 
(510 +- 12.6 ng/106 cells) and immunoreactive leukotriene C, (LTC,) (27.0 * 2.6ng/106 cells). Both 
histamine and LTC., release were inhibited by staurosporine and K-252a with an lcso of 50 nM for both 
compounds. We also characterized a 45K molecular weight protein which is phosphorylated by PKC 
after Ars-BSA or phorbol, lZmyristate, 13-acetate (PMA) stimulation. This protein is phosphorylated 
in a broken cell preparation in which PKC is activated by phosphatidylserine/Diolein and Ca*+. 
Peptide mapping by V8 protease of the phosphorylated 45K protein revealed that the 4SK protein 
phosphorylation patterns induced by IgE or PMA or in the broken cell preparation are identical. 
Pretreatment of 32P-Iabeied mouse bone marrow derived mast cells with either staurosporine or K-252a 
led to a concentration-reiated inhibition of 4SK protein phosphorylation induced by PMA or Ars-BSA. 
This inhibition of protein phosphorylation correlated well with the inhibition of histamine and leukotriene 
release in bone marrow derived mast cells. 

Mast cells and basophils are the primary target cells 
for immunoglobulin E (IgE)t, and the binding of 
multivalent antigens to the surface-bound IgE anti- 
bodies results in the release of a variety of inflam- 
matory mediators [ 1,2]. Alternatively, rat peritoneal 
mast cells can be activated via a receptor-mediated 
event using compound 48/80 [3]. Analysis of the 
biochemical events involved in mediator release 
revealed that the activation of various membrane- 
associated enzymes appears to be critically involved 
in the transduction of triggering signals for mediator 
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t Abbreviations: IgE, immunoglobulin E; PKC, protein 
kinase C; MBMDMC, mouse bone marrow derived mast 
cells; IL3, interleukin 3; PGE,, prostaglandin E,; LTC,, 
leukotriene C,: FCS. fetal calf serum: K-2SZa. (8R*. 
9S*,llS*)-(-)-9-hyd~oxyl-9-methoxy~a~bonyl-8-~~thy~~ 
2,3,9,10 - tetrahydro - 8,11- epoxy - lH,8H,llH - 2,7b,ll- 
atriazadibenzo-[a,g]cycloocta[cde]trinden-l-one; BSA, 
bovine serum albumin; PMA, phorbol,12-myristate,l3- 
acetate; Ars-BSA, arsenate-bovine serum albumin; anti- 
Ars-IgE, mouse monoclonai anti-arsenate IgE; PS, phos- 
phatidylserine; DAG, diacylglycerol; IP?, inositol-1,4,S- 
irisphosphate; CAMP - _ adenosine 3’-5 cyclic mono- 
uhosohate; PT. nertusis toxin: IAP. islet activating oro- 
tein;’ DMS6: dimethy~ sulfoxide; ECA, 
ethyiene@ycoIbis(aminoethyIether)tetra-acetate; PMSF, 
phenylmethylsulfonlyI fluoride; and SDS, sodium dodecyl 
sulfate. 

release. Activation of both rat peritoneal and mouse 
bone marrow derived mast cells involves the modu- 
lation of a number of common biochemical 
mediators. Among these are increases in the level 
of CAMP 14-41 and intracellular Ca2+ [7], in the 
production of IP, and DAG [S], and in the trans- 
location of protein kinase C from the cytosol to 
the plasma membrane [9]. All of these biochemical 
events take place within 1 min of receptor coupling 
and all precede mediator release. Previous results 
have suggested that the enzymes involved in the 
biochemical cascade may be different depending on 
stimuli [8] . 

Recent studies have revealed that protein kinase 
C may play a role in the signal transduction process 
in many of these reactions [lo]. The purification 
[ll, 121 of different isoenzymes of this enzyme has 
heightened speculations as to the role the various 
sub-species may play in signal transuction. However, 
the precise function of PKC in mast cell activation is 
uncertain. Experiments by ourselves and others have 
shown that activation of PKC with PMA leads to the 
transl~ation of protein kinase C from the cytosol to 
the plasma membrane [9,13,14]. 

In view of the multifaceted role protein kinase C 
plays in signal transduction, we decided to investigate 
the role PKC plays in mediator release in rat per- 
itoneal and mouse bone marrow derived mast cells. 
Two PKC inhibitors, staurosporine and K-252a, iso- 
lated from Streptomyces sp. and Nocardiopsis sp. 
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have been described recently [15-191. Both are very 
potent inhibitors of protein kinase C with K, values of 
0.7 and 25 nM respectively. However, staurosporine 
and K-252a also inhibit CAMP-dependent protein 
kinase but to differing extents, with K, values of 7 
and 18 nM respectively. A number of studies using 
staurosporine and K-252a have shown that both 
inhibitors are capable of modulating cell activation 
in neutrophils [20] and platelets [21, 221. The PKC 
antagonists staurosporine and K-252a were used to 
test the hypothesis that PKC is involved in the modu- 
lation of mediator release from mast cells. In this 
study we report results which suggest that PKC is 
involved in the transduction process resulting in mast 
cell degranulation stimulated by cross-linking of the 
IgE but not by the occupation of the 48/80 receptor. 

MATERIALS AND METHODS 

Cell preparation. Mouse bone marrow derived 
mast cells (MBMDMC) were obtained from a sus- 
pension culture of bone marrow cells of CBA/J mice 
(Jackson). The cells were cultured in RPM1 1640 
culture medium (Gibco) supplemented with 10% 
fetal calf serum, SO ,uM 2-mercaptoethanol, 2 mM L- 
glutamine, 1% each of non-essential amino acids, 
10% WEHI III supernatant or 20 units/ml IL3 
(Genzym, Boston, MA). After 4 weeks of culture, 
cells were >99% mast cells and >98% viable. 

Purification of rat peritoneal mast cells. Rat mast 
cells were purified from male Sprague-Dawley (SD) 
rats (350-400 g, Charles River) which had been sen- 
sitized previously with two injections (i.p.) of egg 
albumin (0.01 pg/mL) in Maalox. After washing in 
Tyrode’s buffer [ pH 7.2. 124 mM NaCl, 4 mM KCI. 
0.64 mM Na2HP01. 1 mM CaCl,, 2 mM MgCl?, 
10 mM NaHC03, 10 mM 4-(2-hydroxyethyl)-l- 
piperazineethansulfonic acid (Hepes), 5 mM 4-mor- 
pholineethansulfonic acid (MES), 5.56 mM glucose 
and 1 mg/mL of bovine serum albumin], mixed per- 
itoneal cells (2 x 10’ cells in 2.5 mL) were layered 
over Percoll (Pharmacia) of the following volume 
and densities: 1.5 mL of 1. lop; 2 mL of 1.1 lp; 2 mL 
of 1.123~. The step gradients were then centrifuged 
(400 g for 20 min at 25”). Mast cells were found at 
the third interface and at the bottom of the test tube. 
Mast cells were recovered (60-800/r) at greater than 
98% purity. Cells purified by this method showed the 
same percent histamine release as their unpurified 
counterpart. 

Inhibition of histamine release by PKC inhibitors 
K-252a and staurosporine. Mixed peritoneal cells 
containing between 1 and 5% mast cells were 
recovered from male Sprague-Dawley rats (350- 
400 g) by direct lavage and histamine secretion deter- 
mined as previously described [23]. To examine the 
effect of PKC inhibitors on histamine release, mixed 
mast cells were incubated for 5 min with the appro- 
priate drug before stimulation. After this pre- 
incubation, anti-IgE (1: 300 dil) or compound 48/80 
(1 pg/mL) was added, and histamine or PGE2 release 
was assessed after a lo-min incubation. When anti- 
IgE was used, phosphatidylserine was added at a 
final concentration of 15 pg/mL. 5 min before stimu- 
lation. 

Inhibition of leukotriene release by PKC inhibitors 

staurosporine and K-252a. To determine the effects 
of PKC inhibitors K-252a and staurosporine on 
leukotriene release from MBMDMC, the cells were 
sensitized with an optimal concentration of anti-Asc- 
IgE from clone HB137 (American Tissue Culture 
Collection, ATCC). After washing three times in 
complete Tyrode’s buffer, cells were resuspended at 
3 x 10h cells/ml and exposed to the appropriate 
concentration of the drug for 5 min before challenge 
with an optimal concentration of Ars-BSA (0.01 pg/ 
mL). The release of immunoreactive leukotrienes, 
including leukotriene Cd, was assessed after a 15-min 
incubation. Cell supernatant fractions were stored at 
-70” until assayed using a commercial assay kit (New 
England Nuclear, Boston, MA). Drugs were pre- 
pared as lo-* M stock solutions in DMSO. The final 
concentration of vehicle in the assay was less than 
0.01%. Appropriate controls for vehicle effect were 
carried out in all experiments. 

Inhibition of prostaglandin release from rat per- 
itoneal mast cells by PKC inhibitors K-525a and 
staurosporine. Purified rat peritoneal mast cells were 
exposed to the two PKC inhibitors at the appropriate 
concentrations for 5 min before being stimulated by 
anti-IgE (1: 300 dil) or compound 48/80 (1 pg/mL). 
When anti-IgE was employed, phosphatidylserine 
was dispersed in the medium 5 min before stimu- 
lation to a final concentration of 15 pg/mL. After a 
lo-min incubation, the cells were centrifuged (400 g, 
10 min), and the supernatant fraction was decanted 
and assayed for PGE, production using a commercial 
assay kit (New England Nuclear). 

Phosphorylation of substrate proteins in cell-free 
systems. To assess the phosphorylation of proteins 
in a cell-free system, 2 x 10’ bone marrow derived 
mast cells were lysed by sonication in 500 PL of Ca*+- 
free buffer (50 mM Tris-HCI, pH 6.5,2 mM EDTA, 
2 mM EGTA, 10mM 2-mercaptoethanol, 1 ,uM 
PMSF). The lysed cells (50 pL) were then exposed 
for phosphorylation in a mixture of 50 mM Tris-HCI, 
pH 7.5, containing 50 ,uM ATP (including 100 &i [y- 
“*P]ATP at 5000 Ci/mmol), 10mM MgCI,, 2 mM 
CaC12, phosphatidylserine at 40 pg/mL, and Diolein 
at 2 ,ug/mL in a total volume of 250 ,uL. After 5 min 
at 30”. 50 PL of the reaction mixture was withdrawn 
and added to 5OpL of 2~ stock concentration of 
isoelectric focusing lysis buffer. To determine the 
calcium dependency of the kinase, a number of con- 
trols were included that omitted Ca2+ and/or 
phosphatidylserine/DAG. To test the effect of the 
two PKC inhibitors, various concentrations of the 
two inhibitors were added before [Y-~‘P]ATP. Phos- 
phorylated proteins were analyzed by two-dimen- 
sional SDS-gel electrophoresis. 

Two-dimensional gel electrophoresis. To study 
phosphorylation of intracellular proteins, mouse 
bone marrow derived mast cells (40 x 10h cells at 
2 X 10h cells/ml) were washed in phosphate-free 
RPM1 1640 medium with dialyzed FCS (10%) and 
WEHI III (10%) supernatant. Cells were then 
exposed overnight with 2-5 mCi of 32P as ortho- 
phosphate and optimal concentrations of dialyzed 
anti-Ars-IgE. Cells were then washed three times in 
a regular phosphate containing Tyrode’s buffer and 
100 PL of cells exposed to drug or control (5 min) and 
then to agonist (0.01 pg/mL Ars-BSA) for 30 sec. To 
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stop the reaction, 50 FL of the cell sus~nsion was 
~th~rawn and added to fysis solution (9 M urea, 2% 
ampholine (pII 5-7; 0.4 mL/IO mL), ampholine (pII 
3-10; O.l mL~lOmL), 5% ~rne~~pt~~hanol~ and 
3% Nonidet P-40 (by vol.) The mixture (40 pL) was 
then applied to a IB-cm tube gel with ampholines 
running from ptl 4-7 according to the method of 
G’Farrell[24]. The second dirn~~si~n consisted of a 
10% straight gel. After running, the gel was strained, 
destained and exposed for autoradiography using 
Kodak XAR-5 film at -7O”. The intensity of 
phosphorylated proteins was assessed using a den- 
sitometer scanner (LKB). 

laci 
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V8 protege digest. To identify phosphoprat~ins 
from a broken cell preparation and those obtained 
from intact cells, V8 protease was used to obtain a 
~ng~~~~~ digestion. The method of Cleveland rrt 
ai’. [25] wits used to identify the phosphoprot~ins. 
Briefly, after autoradiography of the second dimen- 
sion and visualization of the 45K proteins, the appro- 
priate ph~spho~ptides were excised and the 
polyacrylamide gel piece was allowed to expand in 
Tris buffer, pH 7.4,1 mM EDTA and 10% glycerol 
(w/v). The extruded piece of gel was then digested 
in the stacking gel of a ~lyacry~dm~de gel for 30 min 
with 10-100 ~g~lane of V8 protease (Calbio~~~m), 
and the digested polypeptides were resolved on a 
15% gel which was poured with 1 mM EDTA, Phos- 
phopeptides were visualized by autoradiograph~ 
with Kodak XciR-5 film at -70”. 

Req:ents. Hepes, MES, compound 48/8O, and 2- 
mer~apt~et~~nol were purchased from Sigma (St. 
Louis, MO), RPM1 1640 was purchased from Gibco 
and fetal calf serum from Hyclone (Denver, CO). 
Percoll was purchased from Pharmacia (Pisca~~w~y, 
NJ). PGEz and LTC, assay kits were purchased from 
New England Nuclear. Anti-Ars-IgE was prepared 
from clone HB137 avaiiable from the ATCC. IT- 
‘rP]ATP and ~~zP~or~hophosphate were purchased 
from Am~rsham (ArIington Neights, IL). Stau- 
rosporine and K-252a were purchased from Kyowa 
Hakko (Tokyo, Japan). 

E#ects of ~t~uros~~r~ne and K-252a opt ~~stff~~~~~ 
release ond prostaglandin synthesis from rat per- 
itoneal mast celis. The effects of the two PKC inhibi- 
tors stau~os~~~ne and K-252a were tested for their 
abilities to inhibit histamine release induced by anti- 
IgE (1: JO0 dit) and compound 48/80 (1 yg/mL) , As 
shown in Fig. lA, the two PKC antagonists com- 
ptetely ~~hib~t~d histamine release induced by anti- 

Fig. t . Effects af various con~ntrat~o~ of the PKC inhibi- 
tors staurosporine (m, U) and K-252a (A, A) on histamine, 
PGEa and LTCa release. (A) Histamine release from rat 
peritoneal mast cells. Celis obtained from Sprague-Hawley 
rats were treated with the appropriate concentrative of 
drug for 5 ruin before being challenged with either anti-&E 
(1: 300 di1) (W, A) or compound 48/N (I pg/mL) (Kl, A). 
Histamine release was assessed after a further 1.5 min. 
Control histamine release was S.5 r 0.2 pg/W mast cells 
(anti-fgE) or 9.9 * 0.18 .&IO6 mast cetls with compound 
413/80. (S) PGEz release from purifted rat peritoneat mast 
cells. Rat mast celts were purified as described, and 1 x 10” 
mast cells with greater than 95% purity were exposed to 
anti-IgE (I : 3r#t dil) (8, A). The reaction was allowed to 
proceed for 55 min before PC& r&ease was assessed. 
Control tevets of PGE, were 70.3 2 1.15 pg/~~~ cells. (C) 
Leukotriene C, retease from mouse bone marrow derived 
mast cells. After sensitization with anti-Ars-IgE, cells were 
washed and incubated with staurosporine (I) or K-252a 
(A) for 5 ruin before ch~1enge with Am-BSA fO.Ol pg/ 
mL). LTCJ release in the absence of drug was found to be 
27.0 f 2.6 rtg/106 cells. Each point in panels A, B and C is 

the mean * SEM of four experiments. 



IgE but failed to substanti~llly inhibit hisfamine 
release induced by compound 48/X0 even though 
both secretogogues led to the release of similar 
amounts of histamine (62.5 :t: 4.9% for anti-IgE cf. 
72.4 t 2.1% for compound 4X/X0). 

The release of PGEz from rat peritoneal mast ceils 
stimulated with both anti-&E and compound 4X/80 
was assessed. Anti-IgE induced the release of PGE:, 
from purified rat peritoneal mast cells. In contrast, 
compound 48/1yIJ failed to release significant amounts 
of the prostaglandin. Therefore, the inhibition of 
anti-&E-induced PGE, synthesis by the two PKC 
inhibitors was evaluated. When purifiecf rat per- 
itoneai mastcells~~erest~mulated with anti-IgE. both 
staurosporine and K-25& inhibited prosta~land~n EZ 
synthesis over she concentration-response range of 
1 to 501t nM with ICY,, values of 100 nM (Fig. 1B). 

Efjects of staurosporit~c and K-252~ on histamitle 
and ~el~ko~~~ene refeme ,from mmse bone marrow 
derid mast cells. Using M~MDMC as a model 
system, we investigated the effects of the two PKC 
inhibitors on both histamine and feukotriene C, 
release. MBMDMC were stimutated with Ars-BSA 
(0.01 iig/mLf to which they had been sensitized by 
overnight incubation with optimal concentrations of 
IgE (anti-Ars) antibody. As can be seen from Fig. 
lC, both staurosporine and K-252a inhibited LTCj 
release in a concentr~lti~?n-dependent manner. Stau- 
rosporine inhibited LTCJ release with an identical 
ic50 as K-252a (SO nM). The two analogs also 
inhibited histamine (I<:~,, = 50 nM) release (see Fig. 
6) when sensitized mouse hone marrow derived mast 
cells were stimulated with an optimal concentration 
of Ars-BSA. 

Identification of PKC substrate proteins. Because 
the mode of action of protein kinase C is believed to 
be activation/deactivation of enzymatic activity by 
phosphorylat~on of intracellular substrate proteins, 
we investigated the effect of PKC activators (i.e. 
PMA, Ars-BSA and C~a~+/phosphatidylserine/ 
Diolein) on the phosph(~ry,lation of intr~~cellular pro- 
teins by protein kinase C m both whole and broken 
cell pre~ratjons. As shown in Fig, 2, treatment of 
mouse bone marrow derived mast cells with Ars- 
BSA led to the selective phosphorylation of three 
proteins of 4SK molecular weight. These three 
phosphoproteins were the major proteins phospho- 
rylated upon cell activation by Ars-BSA. To char- 
acterize these proteins as specikc substrates for PKC. 
broken cell preparations were treated with [v- 
“?P]ATP in the presence or absence of Ca” and/or 
phosphatidylser~ne/Diolein as control. Analysis of 
the phosphorylated proteins showed that the three 
45K proteins of pI6.2-6.5 were phosphorylated only 
under conditions where protein kinase C is active, 
i.e. in the preserlce of both Ca’+ and pho- 
sphat~dyIser~ne (Fig. 3). ‘freatment of the broken 
cell preparation with Ca’” alone led to the phospho- 
rylation of a number of other proteins. However, 
this phosphorylation was not PS dependent and, 
therefore, unlikely to be a ~KC-lnediated event. 
Furthermore, treatment of this broken cell prep- 
aration with either of the two PKC inhibitors (50- 
SOOnM) led to a specific and equal concentration- 
related reduction in the phosphate content of the two 
specific PKC substrate proteins (results not shown). 

Treatment of intact “P-labeled mast cells with 
PMA (50 ng/mLf resulted in the phospl~~~ryl~~tion 
of the same 4SK proteins (results not shown). To 
determine if these proteins were the same under 
the three stimulatory conditions, intact cells were 
stimulated with Ars-BSA or PMA or broken cells 
were stimulated with PS/Diolein and (Ia“ in the 
presence of [y-“‘PIATP. and the JSK phospho- 
proteins were extracted from the resulting two- 
dimensional SDS-gel and digested by VX protense 
(Cleveland digestion). The resulting 
phosphopeptides were analyzed by single-dimension 
SDS-get electrophoresis. Cleveland digestion of the 
35K phosl~hoprote~ils (proteins 1. 2. and 3) Frrmt the 
whole cell resutted in two phosl~h~lpepti~lc digestion 
products of 24K and 26K ( ph~?sphoprotein 2 is shown 
in Fig. 4, lane A; digestion of 1 and 3 are not shown). 
Digestion of phosphoproteins 1 rend 3 from the 
broken ceil preparation (lanes C and D. Fig. 4) 
resulted in two digestive products also of 24K and 
26K that were identical to the products produced by 
Cleveland digestion for the whole cell 45K phospho- 
proteins. Analysis of the three phosphoproteins pro- 
duced by PMA stimul~~tion showed that all three of 
these proteins also produced two pho5phopeptides 
upon treatment with V8 protease, one of which is 
shown in Fig. 4, lane F. For comparison, two unre- 
lated phosphoprot~~~s (lanes E and B) located at 
molecular weights of 66 and IfNlK and both having 
pl values of 6 were used as controls. These two 
control phosphoproteins were obtained from 
phosphtrrylated whole and I@ cells respectively. 
Neither of the control proterns showed a digestive 
pattern similar to the 4SK phosphoproteins. 

Inhibition of 45K protein phosphorvlution hv K- 
2% und stuurosporine. To determine if either (if the 
two microbial alkaloids can inhibit the 45K protein 
ph~)sp~or~l~t~on, 3’P-labeted tnouse bone marrow 
derived mast cells were stimulated with Ars-BSA in 
the presence or absence of the two inhibitors. Figure 
5 shows that both compounds led to the selective 
inhibition of the 45K phosphoproteins, The midtfte 
arrow (protein 2, Fig. 5) identifies the 1% protein 
which was most susceptible. being inhibited almost 
completely by K-252a and staurosporinc at 500 nM. 
The right arrow {protein 3. Fig. 5) shows the next 
phosphop~otein which also was infl~bite~i signifi- 
cantly. but a higher concentration of both inhibitors 
was required for complete inhibition. The phospho- 
protein (protein 1) was only inhibited significantly 
by staurosporine (SOO-1000 nM): K-252a failed to 
show any inhibition. Comparison of the curve for 
inhibition of protein phosphorylation (proteins 1, I! 
and 3) showed that only the center phospl~~~protein 
correlated well with the curve for inhibit~ot~ of 
mediator release (Fig. 6). The other two phospho- 
proteins (proteins 1 and 3) required higher con- 
centrations of the microbial alkaloids than were 
required for the inhibition of mediator release 
(results not shown). 

Previous studies by several investigators have 
shown that cross-linking of surface bound XgE on 
mast cells leads to a number of biochemical events 



Inhibition of mediator release from mast cells 

PH 
6 5 4 
I I I 

4 

4 

4 

2 

1 

2 

1 

00 

16 

94 

66 

42 

3 
0 

s 
rc 

X 

T; 

G 

~00 

16 

97 

42 

Fig. 2. Effect of Ars-BSA on protein phosp~orylatjon in mouse bone marrow derix 
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Fig. 3. Phosphorylation of proteins in broken cell preparation. Mouse bone marrow derived mast cells 
were lysed by sonication, and the particulate matter was removed by centrifugation (100,000 ,g, 60 min). 
The cytosol was then exposed to [y’2P]ATP with or without cofactors. (A) Control, no additions. (B) 
Additions included: Ca” and phosphatidylserine/Diolein. The phosphorylation proceeded for 5 min 

(30”) before the proteins were resolved by two-dimensional gel electrophoresis. 

[4-6,8]. Among these are a transient increase in the 
level of cAMP, an increased turnover of phospho- 
inositides and a concomitant production of both IP3 
[4-t?] and DAG [S]. It has been proposed that IP3 is 
responsible for the release of Ca’+ from intracellular 
stores, notably the endoplasmic reticulum [26]. 
Diacylglycerol has been shown to activate protein 
kinase C and may participate in the translocation of 

the kinase from the cytosoi to the cell membrane 
[27]. This translocation is accompanied by specific 
phosphorylation of intracellular proteins thought to 
be essential participants in cell activation [28]. 

Recently, Saito et al. [8] demonstrated a diver- 
gence in the pathways employed by at least two of 
the receptors on the surface of the mast cell. Using 
pertussis toxin (PT), they found that up to 97% of 
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A B C D E F 

Fig. 4. Cleveland digestion of phosphoproteins. Lane A: whole cells stimulated with Ars-BSA (30 see). 
The 45K phosphoprotein (protein 2) was digested with 10 yg/lane of V8 protease. Lane B: 1OOK control 
protein from stimulated whole cell. Lanes C and D: broken cell preparations were stimulated in the 
presence of Ca2+ and PS/Diolein with [Y-~‘P]ATP for 5 min at 30”. Lane C shows the digestion product 
of protein 1 and lane D, the digestion product of protein 3. Lane E: control 66K protein from broken 
cell preparation. Lane F: whole cells stimulated with PMA (50 ng/mL, 5 min). Protein 1 was excised 

and digested with V8 protease. Arrows indicate 24K and 26K phosphoproteins. 

the 41K G-protein had been ADP-ribosylated after 
treatment with optimal concentrations of PT. Stimu- 
lation of the cells via two independent surface recep- 
tors, namely anti-IgE and compound 48180 in the 
presence of PT, led to the selective inhibition of 
histamine release eiicited by compound 48180 but 
failed to inhibit anti-IgE mediated degranulation. 
This observation suggests that either IgE does not 
utilize a G-protein for signal transduction or that the 
G-protein is a novel, non-IAP sensitive isotype [29]. 
We therefore carried out a number of experiments 
to determine if there were any more biochemical 
pathways which might be unique to one of the recep- 
tor classes. 

Stimulation of rat peritoneal mast cells with anti- 
IgE leads to the release of histamine and the synthesis 
of prostaglandin Ear whereas activation of these same 
cells with 48180 leads to the release of histamine 
without the synthesis of PGEP. Using the two PKC 
inhibitors, we evaluated the potential for inhibiting 

mediator release induced by these two secreta- 
gogues. When rat peritoneal mast cells were stimu- 
lated with anti-IgE, both PKC inhibitors prevented 
histamine release and the synthesis of prostaglandin 
Et. When the same cells were stimulated with cum- 
pound 48180, both inhibitors failed to produce a 
significant inhibition of histamine release. Previously 
we demonstrated that antigen-induced histamine 
release in PT-18 cells is associated with a rapid 
increase in PKC activity associated with the plasma 
membrane [9]. Here we present more evidence that 
PKC plays a crucial role in mediating IgE-dependent 
mediator release. The failure of either of these two 
PKC inhibitors to modulate substantially 48/80- 
induced degranulation sug ests that either the 48/80 
receptor is not linked to “b KC as an intracellular 
modulator or that the isotype of PKC used by 48/80 
is not sus~ptible to inhibition by either of these two 
inhibitors. 

To confirm that the two PKC inhibitors were inhi- 
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Fig. 5. Concentration-response inhibition ot 43~ meorated protein p~osp~~rylatlon by K-25% and 
staurosporine. Mouse bone marrow derived mast cells were incubated with the respective inhibitor for 
5 min prior to Ars-BSA stimulation, which was allowed to proceed for IO see before the cells were lysed 
and the total celf protein was analyzed by two-dimensi~}nal gel eiectrophoresis. The three arrows indicate 
the 45K protein which was phosphorylated by PKC. Control cells t_ Am-RSA are shown in Fig. 2. Panel 
key: (A) I(-%!a, 100 nM; (B) K-25%3, 500 nM; (C) K-2%, 1000 nM; (D) staurosporine. IOOnM; (E) 

staurosporine, 500 nM; and jF) staurttspctrine. 1000 nM. 
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Fig. 6. Effects of various concentrations of staurosporine 
and K-252a on histamine release (open symbols) and 45K 
protein phosphorylation (protein 2, closed symbols) in 
mouse bone marrow derived mast cells. MBMDMC were 
sensitized overnight and either labeled with “P as ortho- 
phosphate (for phosphorylation) or cultured in RPM1 1640 
medium (for histamine release). For histamine release, 
cells were resuspended at 2 X 10h cells/ml and after a 5- 
min preincubation with staurosporine (0) or K-252a (0) 
stimulated with Am-BSA (0.01 pg/mL) for 10 min. Control 
histamine release was 262 k 18 ng/lO” mast cells. For pro- 
tein phosphorylation, 32P-labeled MBMDMC were incu- 
bated with staurosporine (0) or K-252a (M) for 5 min 
before stimulation with Ars-BSA (0.01 pg/mL). Protein 
phosphorylation was assessed after a 30-set stimulation. 
Each histamine point is the mean * SE of four experiments; 
each protein phosphorylation point is the mean + SE of 

three experiments. 

biting mediator release through the modulation of 
a PKC-dependent protein phosphorylation, a PKC 
substrate protein was identified in the cytosol of 
mouse bone marrow derived mast cells. Cross-link- 
ing of IgE by Ars-BSA or the direct activation of 
protein kinase C by PMA led to a rapid phospho- 
rylation of three proteins with molecular weights of 
4X and pI values between 6 and 6.5. These proteins 
appeared to be different from those reported by 
Katakami et al. 1301 on the basis of their molecular 
weights. Other proteins were phosphorylated under 
the conditions mentioned above, but they were 
minor and difficult to quantitate. These 45K proteins 
were also phosphorylated in a broken cell pre - 
aration but only in the presence of Ca f* 

and phosphatidylserine/Diolein. Calcium or 
phosphatidylserine/Diolein alone failed to cause 
phosphorylation, indicating that these three proteins 
are selective substrate proteins for protein kinase C 
phosphorylation. However, Ca2+ alone did lead to 
the phosphorylation of a number of other proteins, 
indicating that their phosphorylat~on is a Ca’+- 
dependent event and does not involve PKC. To 
confirm that the three 45K phosphoproteins 
phosphorylated under the conditions mentioned 
above are related. each band was digested with V8 
protease, and the peptides were analyzed. The pep- 
tide map, revealed after Cleveland digestion, sug- 
gested that the three 45K phosphoproteins are not 
only related between the three conditions of acti- 
vation, namely Ars-BSA, PMA, and in the broken 
cell preparation by Ca?+ and PS/Diolein, but they 
are also related to each other. The most likely expla- 
nation for their change in p1 value is a post-trans- 
lational modification where there is a sequential 

addition of a phosphate group for each of the shifts 
in pI value. 

Pretreatment of mouse bone marrow derived mast 
cells with either of the two PKC inhibitors before 
stimulation with Ars-BSA or PMA resulted in a 
concentration-related inhibition in the phosphate 
content of the 45K phosphoproteins. Analysis by 
optical density of the three phosphoproteins indi- 
cated that the middle phosphoprotein was the most 
susceptible to inhibition by both inhibitors. A com- 
parison of the concentration-response curve for the 
inhibition of mediator release with that for protein 
phosphorylation indicated that the middle phospho- 
protein was inhibited to the same extent and over 
the same concentration-response curve as mediator 
release. In comparison, the other two phospho- 
proteins (1 and 3) were not inhibited so dramatically. 
A comparison of inhibition of mediator release with 
that for the inhibition of protein phosphorylation 
showed that higher concentrations of both inhibitors 
were required to inhibit protein phosphorylation 
than mediator release. The failure of proteins 1 and 
3 to be inhibited completely by either of the two 
PKC inhibitors even though this phosphorylation 
appears to be PKC mediated may be expiained in 
part by (1) the fact that there is a difference in time 
between stimulation and the analysis for protein 
phosphorylation (30 set) and mediator release 
(10 min), (2) the degree to which protein phospho- 
rylation is arrested may only have to be small to 
effect a iarge inhibition of mediator release, (3) a 
different isotype of PKC is employed in the phospho- 
rylation of proteins 1 and 3 which is not as susceptible 
to inhibition by the two PKC inhibitors as the PKC 
isotype performing the phosphorylation of protein 
2, or (4) Cunha-Melo etal. [31] recently showed that 
staurosporine is capable of inhibiting the production 
of inositol phosphates in RBL-2H3 basophils. Such 
an hypothesis applied to our results could offer an 
alternative explanation for the inhibition of mediator 
release observed in rat peritoneal mast cells. 
However, this rational is unlikely because compound 
48/80 mediated degranulation was not inhibited to 
the same extent as IgE mediated degranulation (Fig. 
1A). Yet compound 48/80 produces a significant 
increase in Ca=+ [6] and DAG [32] and the metab- 
olism of inositol phosphates [32], all of which, at 
least in part, are required for both IgE and 48/80- 
dependent mediator release. 

Activation of rat peritoneal or mouse bone marrow 
derived mast cells by aggregation of surface IgE 
molecules results in specific PKC-dependent protein 
phosphorylation. Previous results have suggested 
that the signal transduced by IgE aggregation does 
not utilize a G-protein or uses an IAP-insensitive 
form [29]. Results presented in this paper show that 
PKC inhibitors prevented IgE mediated histamine 
and leukotriene release. On the other hand, com- 
pound 48/X0 which is IAP sensitive was not inhibited 
to the same extent, suggesting that 48/80 does not 
utilize PKC as a secondary signal but rather uses G- 
proteins which modulate mediator release inde- 
pendently of PKC. It would thus appear that IgE 
and 48/80 use different signal transduction mech- 
anisms in promoting histamine and other mediator 
release. 
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